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T h i s  report  presents the r e s u l t s  of the i ' i t c h  A x i s  R e n t l i n r  Moment. 

The v e h i c l e  was subjected t o  l i m i t  t l e s i g n  l o a d s  for the ?:;\ximiin 
Alpha ;J contlkt.-ton at S t e t i o n s  219 nnd $ 1 2 ,  anif to u l t i m : 3 t e  citbsi<n 
loads (125 per cent  l i m i t )  for the Mnximuni Pl i jhe  Q c o n d ~ t i o n  a t  
Station 219, Pbase  I and Phase  IT S t r u c t u r a l  'Pests were performed 

I Stt-ucti;r;tl  T e s t  pcrformcd on c Centaur.  41) rest  V e h i c l e ,  i : I D  7 5 1 5 - 1 .  

..-- .-- .oerl-ier on-thzs-test v e h i c l e  u s i n g  limit and ult i !rrnte l o ~ d s ,  and 
bending about the yaw axia. Thesc earlitar t e s t e  n r e  cavcred i n  
repcarte 358 330It.1 and -2, Report 55H 3309-3 p r e s e n t s  t h e  d a t a  
obtnined froat tank end interstprge adapter s t r a i n  g ~ ) g e s  with loads 
and bending moments appl i ed  about both t h e  yaw and p i t c h  axes. 

2.0 TEST. SW!B,%IVE: 
, .  

, 2.0.1 The priaraTy t e s t  objective was t o  demonstrate the structural integrity 
' OP *& .Cd$har Vahicic ( A C 4  configuration) S t a t i o n  219 and Station 

412 fi&rUcbrsl interfaces  when subjected t o  l i m i t  and ultimate 
design loads produeins bending momenta Rbout t h e  pitch ( X - X )  axis. 

2.0.2 a &my objective of  t h e  t e s t  was t o  establish t h e  optimum Retting 
f&F t h e  ndse fairing j e t t i s o n  h i n g e  yay,  and t o  recorci the  l o a d  
transfer t o  the tank mounted hinge  fittings d u r i n r  s tructural  londing 
o f  t h e  t ea t  v e h i c l e ,  

3 ,  I) C;#UC€,t'SIONS : 

Tge t e a t  objectives were achieved, and t h e  v e h i c l e  withstood t h e  
limit and ultimate deeign l oads ,  Load t rans fer  t o  the , j e t t i s o n  
hinsc d i d  n o t  exceed allowable vnlues. 
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I 5 .1  T e B t  ?eqticPt : 

I 'h is  t e s t  wae requested by the Centeur Vehic l e  Tank Structlires 
Group, Department 962-8. Refer t o  Serv ice  Request Yumber 5:5E 3309 
for t e s t  authorization. 

5 . 2  T e s t  Specimen: . 
, r .  

*-.___..I. . 

.: > 
I 

i " - -  .." r bi.*.. , ' 

, .  

A Centaur 40  v e h i c l e  (AC-I configuration) was used for these tes ts .  
The vehic le  t a n k ,  EID 55-7545-1 w a s  mounted vertically in ffKf8 Tower 
on tp Centaur Interstage hdapter, 55-7.5030-1. A Centaur Surveyor 
Nose Fairing Barrel, 55-71209t1, ra8 installed on the Station 219 
Tank R%ng; Cetl$aur fnealation P a n e l s ,  55-76202-811, -813, -817, end 
-837 were inatafleli  on the fuel tank. F l i g h t  type  nose fairing 
jcttiedk hinkcs, 5542089 ,  and tank-mounted hinge fittings, 56-72979-11, 
were tadrd. 
vehii'1@ i b  dqfined in the v6hfc le  conf igurat ion planning cprd 
number 55-00045-5. 

Add;fti.onal production hardware that was mounted on the 

5.3 Teat Conditions: 

The t e 5 t  specimen was eubJccted to loads e i m i a t i n g  the lintit design 
conditions at Station 219 and S t a t i o n  412,  and simulating the 
ultimate design l o a d s  (125 per cent  l i m i t )  a t  Station 219, due to 
Maximum alpha Q conditions, Shear locrds were applied a t  S t a t i o n s  
99 and 281 i n  the direction o€ the Y - Y  axis t o  produce bending moments 
about the p i t c h  axis (X-X), Tao separate tes t  runs were made, Limit 
l o a d s  were used in the t e s t  run on 20 April 1965. Ultimate design 
land6 wePd udred in the  t e s t  run on 22 April 1c965. iteference teniper- 
aturts were maintained on t h e  nose fairing barrel during b o t h  test 
zwna. The ferwsr$ and a f t  vehic le  tank8 were filled w i t h  l i q u i d  
nitrogen durinq t h e  t e s t .  

> . A .  i A hydraulic s y s t e m  was used t o  apply the compression, shear ,  and 
iBsu1ation pant i  loads on t h e  test a r t i c l e .  T h i s  Ryvstcrn cnnsisted 
of a hydrirul ic pump, three  I;:diason Warginators for hydraulic pressure 
re l :u ln t ion ,  hydraulic cylinders, and load c e l l s ,  

~k 
ui 
pu.7 *" 

I The fpci l i t y  hydraulic load s y s t e m  configurnt i o n  is d e t a i l e d  on 
P o i n t  I,urna T e s t  S i t e  Drawings  K!3-002  and KP-003. 



c. I 

11 y.;-L-i-;lxturest and I .o i id inq  !:qiiiprnent: ( ' lontinucd 1 

The m i s f i i  Lo compression load (Tnstrurnrntnt 1011 !loss I.-I ) \++ilb i + ; ) ; ) I i (  (1 
t o  t h e  t e s t  s1)ec imen nLonK the ,?-% axis throuiftl r). loatf.  € 1  ktrirc 

! ')rawin,- Sumber KS-Ol6) bo1 t e d  t o  the ! orwnrd e n d  of t h e  n n - e  
f n i r i n , z  b a r r e l .  The tank s t r e t c h  Load nas also reac ted  t h r o u ~ h  
t l i i s  fixture us ing  8 pneumatic-hydrhu 1 i c  ;!ccurnulntor. i'ouritc.'rWri1;!1tS 
Ucrc' il'ied to n u l l  the we ight  o f  the  fixture on t h e  t o s t  s p e c i n e n .  
4 p c u m a t i c  cylinder (Inatrumentation boss r , - f ? )  was mounted a t  t h e  
apex of t h e  KS-016 fixture at Stat ion 5 . 0  (Appendix fi, sheet 2 0 ) .  
T h i s  cylinder wns used to apply a horiv,ontml load i n  l i n e  with t h c  
Y-Y a x i s  t o  counteract the horizontal component of L- l  due to 
bending o f  t h e  vehicle. 

A horizontal  shear load was a p p l i e d  t o  the t e s t  specimen at S t a t i o n  
99 (Instrumentation bose L-2) through the KS-018 load f i x t u r e ,  The 
load  &,as applied along the Y-Y a x i s  in the tY d i r e c t i o n .  

A h o r i z o n t a l  shear l e a d  (Instrumentation boss L-3)  was applied 
along t h e  Y-Y ax i s  i n  the -Y d i r e c t i o n  et  S t a t i o n  281. A load 
s t r a p  waa used, suy:mrted o f f  t h e  exterior aurl'ace of  t h e  insulation 
p a n e l s  by contoured, urethane  foam shim blocks  coated with fiberglass. 
The e h i m  blocks were not wttnched t o  the i n s u l a t i o n  panels. 

Vert i c n l  loade were appt l e d  to each insulation pane l  through a 
contoured  steel p1.ste b o l t e d  t o  ttrc exterior surface of t h e  pcaneL. 
The p a n e l  load ins trument f i t ion  b w s e s  were L-4, L - 5 ,  L-6, and I,-?, 
respectively, for  quads I, 1 1 ,  111, and IV. 

A vacuum load  chamber was attached to the o x i d i z e r  tank a f t  bulkhead.  
Regulation of the vacuum pressure in the chamber prncluctcl l o a d s  on 
t h e  S t a t i o n  412 structural j o i n t .  T h i s  load wimulntes  tlic f l i g h t  
' 'G" f o r c e s  on t h e  oxidizer t a n k .  

An aerodynamic heating s i m u l a t i o n  syetem w a s  used t o  m a i n t a i n  reference 
temperatures on t h e  nose f a i r i n g  barrel. The heating system is 
illustrated i n  Figure 44. Closed loop h s n t  programming e q ~ ~ i p m e n t  
was used. F i g u r e  45 shows the  h e a t  lamp and reflector installetion. 
S h e e t  23 of t h e  Appendix show8 the heated zona on t h e  nose  fnirinp;. 

1 ns t rumen t. a t i o n  : 

A d e t a i l e d  i n s t r u m e n t a t i o n  list i s  i n c l u d e d  in the Appendix. I'he 
b a s i c  t y p e s  of weasuroments a r e  listed b e l o w :  



- -  J ti  s t rumen t R t, i on : ( Con t i nuc d ) ---_ 3 .  > 

5.5.1 !'ressiire - 'i'nnh ullage, i n t e r m e d i a t e  bu LLheotf c a v i t y  * Vi'lctIum 
chamber, p u r g e  systems, and p r : > p e l l n n t  l e v e l .  

- -  ~ . < ) . 2  Load - Missile c o m p r e s s i o n ,  i n i s s i l e  shear, i n s u l a t i o n  p a n e l  cocqx-c&813n, 
and NltsSile bending c o u n t e r a c t i o n ,  tan: \  mountcd nose fi-airinq h i n q e  
f i t t i n g .  

5 , 3 , 3  D e f l e c t i o n  - 'Cank r i n g s  a t  nomina l  S t a t i o n  219 and 412,  n o s e  f n i r i n q  
j e t t i s o n  h i n g e  gap,  and a t  t h e  apex o f  t h e  I\S-O16 l o a d  f i x t u r e .  The 
strain gage beams used t o  measure t h e  n o s c  f a i r i n g  h i n g e  gap a r e  
shown i n  FigtireR 35 through 38. 

5.5.3 Temperature - Surface temperatures o n  nose f a i r i n g  barrel, fuel 
tank wall, nose f a i r i n g  hinges arid s t r a i n  ~'ap'e beams. Nosc f a i r i n g  
purge gas. 

5 . 5 . 5  S t r a i n  - T e s t  vehicle fuel t a n k  wall a n d  t h e  i n t e r s t a g e  a d c p t e r .  

5.5.fj C a l i b r a t i o n  - C a l i b r a t i o n  was done i n  a c c o r d a n c e  wi t:i t h e  ikpartmcant  0 978 I n s t r u m e n t a t  ion Manual. 

5 . t i  - S y p c i n l  ____- A d j u s t m e n t s  - - -  - and Measuremcnt_s: 

5.ti.l Hinge gfiy - The gap between t h e  nose f a i r i n g  b a r r e l  mounted hinge  
n i n  and the t a n k  mounted h i n g e  f i t t i n #  Was adjus ted  p r i o r  to  the 

. l i m i t  and u l t i m e i e  design load t e s t s  i n  nceord w i t h  i n s t r ~ r c t i o n s  
t'rom t h e  DesiKn Group,  Department 961-8 ( R e f e r e n c e  G D / E - 6 4 - 1 . 2 2 C ) .  

fhe f o l l o a i n q  p r o c e d u r e  was u s e d  t o  e s t a b l i s h  the p r o p e r  gai): 

I .  Anvi l  ring i n s t a l l e d  loosely t o  tank r i n K .  

2,  Nosc f a i r i n g  assembled t o  t a n k  r i n q / a n v i l  r i : ig  w i t h  set-up b o l t s .  

3. Anvil r i n g  a t t a c h  b o l t s  t i g h t e n e d .  

4. Tension S trap  i n s t a l l e d .  

5. S c t - u p  bo1t .p  removed. Uosc f a i r i n ! ;  i3nd l oad  f i x t u r e  c o u n t e r -  
weiFttited. Cap checked a t  n o s e  f a i r i r i a / t a n l c  r i n g  i n t e r f ' i i c e .  

(i. c:ountcrweigi t t  iid.justec1 t o  y i e l d  n n e t  down l oad  (coml)ression) 
i \ t  t h e  s t a t i o n  219 r i n p  of lHOO pounds. 

.. .~ . . 

. .  . .. . - .  
. 

*:-. . ,.. .. . 



5.6. I (Continued) 

7. Sict qap be tween  nose f a i r i r i g  Iiinrce p i n  and d f t  edge of' s l o t  1 1 1  

t a n k  mounted h i n g e  f ' i t t i t l g  at 0.40 t o  0.70 inc;ies,  m d  record 
gap. E t  this t i l l @  the s t r a i n  ~ a # c  beams ( V 7 ,  VS, and i tH, Appen- 
dix nl rce t  6 )  wt=re  set and p l i y s i c a l l y  c a l i b r a t e d .  

8. Measured and r e c o r d e d  qap between jettison h i n g e  and ~ n v j l  
splice and between nose f a i r i n q  aluminum c h m n e l  anti S t a t  j on 
219 ring P l s n g t  (Quads I-IV - 180").  

9. The w e a t h e r  s k i r t  and  i n n e r  and o u t e r  fairings were i n s t a l l e d .  
I 

10. The w e i g h t  on t h e  S t a t i o n  219 r i n g  was relieved t o  0 pounds  
u s i n y  t h e  c o u n t e r  w e i f f h t .  

5 . 6 . 2  The gap between t h e  nose fa i r ing  aluminum channel and t h e  Stztion 
219 r i n g  flange we5 monitored under s e v e r a l  c o t i t l i t i o n s  d u r i n g  t h e  
t e s t program. 

The procedures f o r  the l i m i t  and ultimate d e s i g n  l o a d  t e s t s ,  p i t c h  
axis bending moment, were w r i t t e n  to commence a f t e r  t h e  "K" 'rower 
Systems Checkout. A t  t h i a  t ime  the t e s t  v e h i c l e  Wi-18 a t  i imbicnt  
t e m p e r a t u r e .  The  f u e l  and oxidizer t a n k  u l l a g e  pressures were b e i n g  
m a i n t a i n e d  a t  t h e  missile v e n t  v a l v e  p r e s s u r e s .  The interrnetlicjte 
bulkhead c a v i t y  was filled w i t h  nitrogen gas at  14.5 + 1 p s i a  and 
locked off. The n o s e  f a i r i n g  hinKe Rap had been i i d j u s t e d  a s  o u t l i n e d  
i n  5.6.1, f o r  t h e  limit load test. 

b.  1 S t a t i o n  219 3nd 412 Combined L i m i t  Deaian LaPd ' r e s t ,  Maximum Alpha 2 
c o n d i t i o n ,  p i t c h  axis bending moaient. 

6.1.1 S t a r t  i n s u l a t i o n  pcanel he l ium purge a t  23 pounds p e r  hour and S t s t i o n  
208 seal purge at 20 pounds per  Iiour one hour p r i o r  t o  tanking. 

G .  1.2 I n s t r u n i e n t a t i c i n  Xecorrlars on. 

1. Record ambient t e m p e r a t u r e  s t r a i n  gat:e d a t a .  

2. Xccord nose f R i r i n g  hinge gap c o n t i n u o u s l y  & I r i n g  t o n k i n g .  

i i .1 .3  S t a r t  n o s e  f a i r i n g  gaseous pijrqe a t  200 C i W  imd 80 + 5OY. - 
0 



h . t! 
0. 1 

( i . 1 . ;  

t i .  1 . G  

6 . 1 . 7  

! I .  1.H 

6.1.9 

F i l l  the o x i d i z e r  tank w i t h  IIquic i  nitrogen t u  Sta t io s i  3:'n.(: tci 
3'10.0. Ff i t inta in  the o x i d l z e r  tank u l l a g e  Irressure at. 11 .3  t o  1 7 . 3  
p6ig w i t h  t h e  missile v e n t  V i j l v e  while tankin;.. >lonitor- f u c l  tnril. 
pre.ssui.t=. Top tank a s  necessary t o  m a i n t a i n  liquid l e v e l  af te r .  th? 
i n  i t i a l  tank ing .  

Record s t r a i n  Rage and t a n k  p r e s s u r e  d a t a .  

Xnise oxidizer tank ull.;age p r e s s u r e  t o  l!.).O t o  2 1 . 0  p s i g .  

Check i n s u l a t i o n  pane l  helium purge for 25 pounds/liour, a d , j u s t  aw 
necessnry. 

Start  now0 f 'e ir ing heaters. Zones A and i ' ,  i n a i n t a i n i n g  rel'e!-c:rice 
tompcratures at  6 O O b ' .  Va l idate  i t e a t e r s  a t  r e f e r e n c e  t emperatnre. 

C . 1 . 1 0  F i l l  t h e  fuel tnnk i v i t h  l i q u i d  n i t r o g e n  t o  Staticbri 1 8 4 . 0  to  1 H 6 . O  
Maintain the f u e l  tank  u l l a g e  p r e s s u r e  a t  4.3 t o  b . 8  p s i g  w i t h  t h e  
n i i ~ s i l e  vent v a l v e  w h i l e  t a n k i n g .  Top tarrlc as riccessaiy t o  m r i n t a i n  
l i q u i d  l e v e l  a f t e r  t h e  i n i t i a l  t a n k i n g .  

6. I .  1 1  I ~ r e ~ s u r i z e  i n t e r m e d i a t e  bulkhead c a v i t y  w i t h  n i t r o s e n  t o  1 4 . 5  - + I 
peia and m a i n t a i n .  

6 . 1 . 1 2  Yecord Zero Load a t  Rominal t r e s s u r c  on r e c o r d e r s ,  

6.1.13 Reduce and p l o t  strain gage and d e f l e c t i o n  diltn.  

6 . 1 . 1 4  check n o s e  f a i r i n g  h inge  qap ani1 r e l a y  i n f o r m a t i o n  to S t r e s s  Grolip 
rest Observer .  

6 .  I .  15 Ra ise  oxidizer tnnk  u l l a g e  p r e s s u r e  t o  2 5 . 0  t o  27.0  psiR. 

6 . l . lG  t(nise fuel t a n k  u l l a g e  pressure to 11.0 t o  12.0 p s i g .  

f i .  1-17 X a i s e  oxicti7,er. terik u l  lnge pres6ui .e  to  30.0 t o  3 2 . 0   psi^. 

6.1.18 Raise  fuel tank uilaqe pressure  t o  17..7 t o  1d.S psis. 

6 . 1 . 1 9  Record zero Load a t  t e s t  pressure  011 r e c o i - d e r e .  

6.1.20 :<educe nnd p l o t  s t r a i n  gaqe a n d  d e f l e c t i o n  d a t a .  



'i. L.21 ! . lonitor nose f n i r i n g  hinge gap and determine w!iether [,ap h c i s  c l o s e d .  

I tl.1.23 I f  nose f a i r i n g  h inge  gap has c l o s e d ,  continued w i t h  I t i n y e  a t  this 
aJjustment f o r  l i m i t  end u1tirai: te t e s t s .  If R a p  has n o t  clo~cit l ,  --- ~ 

c o n t i r i u e  l i m i t  t e s t ,  t h e n  re-run l i m i t  t e s t  a t  n new gap  settiny 
that  will e n s u r e  closure. Eun t h e  u l t i m a t e  c a p a c i t y  t e s t  a t  t h e  
new gap s e t t i n g .  

( j . l . 2 3  1,oiid t e s t  article t o  20 per c e n t  l o a d  i n c r c r n e n t ,  by operating the  
following load systems 6uch that a l l  loads  ore a p p l i e d  simul t m e o u s l ? ;  : 

(23) W n c u a t e  vacuum chamber for 20  per c e n t  load  inc remen t  and 
maintain. 

( b )  O p e r a t e  m a r g i n a t o r  u n t i l  loads L-1 through 1,-S are a t  t h e  
80 p e r  c e n t  load increment and m a i n t a i n .  

( c )  Record 20 per c e n t  load a t  t e s t  pressure on r c c o r d e r s .  

( d )  iteduce and p l o t  s t r a i n  gage and d e f l e c t i o n  d a t a .  

6 .1 .24  A t  t h e  direction of  t h e  Stress  Group T e s t  CiLservcr repeat lomiing 
i n  increments of 40, 60, 8 0 ,  YO, 20, 90, 1 0 ,  20, and 0 per c e n t .  
A t  each load i n c r e m e n t  mark r e c o r d e r s ,  r e d u c e  and p l o t  strain gage 
and d e f l e c t i o r i  data. 

6 . 1 . 2 5  I,ower f u e l  t a n k  uliage pressure t o  11.0 t o  12.0  p s i q ,  

b . 1 . 2 6  Lower oxidizer t a n k  ullage pressure t o  2,5,0 t o  27.0 p i g .  

6 . 1 . 2 7  1,ower f u e l  t a n k  u l l a g e  pressure t o  4.3 t o  G . 8  p s i g .  

G . 1 . 2 H  Lower oxidizer t a n k  u l l a g e  pressure t o  19.0 t o  21.0  p s i g .  

6 .  I .  29 izecord zero l o a d  n t  nouirlnl pressure on recorders. 

6 .  L,30 iieduce and p l o t  strain .gaga and d e f l e c t i o n  d a t a .  

6.1.31 Cvacuate t h e  i n t e r m e d i a t e  bulkhead  c a v i t y  t o  less  than 5 p i a  
minimum. L)o n o t  a l l o w  c a v i t y  pressure t o  e x c e e d  l H . O  psia d u r i n g  
vc h i  c l e  warmup. 

6.1.32 Drain  f u e l  tank and m e i t i t a i n  u1lrrh.c pressure a t  4.3 t o  6 . 3  i i s i g .  
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6.0 TW". PiIoCEouHEs: ( C o n t i n u e d )  

6.1 

6.1.33 Record s t ra in  gage and tank pressure d a t a .  

StatOon 219 and 412 Combined Limit D s s i ~ n  Load Test  ( C o n t i n u e d )  

\ 

(J 1. J4 .iecure n o s e  f a i r i n g  purge. 

6.1.35 D r a i n  o x i d i z e r  tar&. 

1;.1..;6 Lower o x i d i z e r  tnnk u l l a g e  p r e s s u r e  t o  11.3 t o  17.3 psi&. 

ti.1.37 Secure i n s u l a t i o n  panel purge  and 308 S e a l  T'urqe. 

b ,  1 . 3 8  :&cord strain Kage and t a n k  p r e s s u r e  d a t a .  

0 .  l . S ! l  When t e s t  a r t i c l e  reaches ambien t  t e m p e r a t u r e  p r e s s u r i z e  t he  
i n t e r m e d i a t e  builc!jead c ~ v i t y  t o  J 4 . . 3  + 1 p s i a  with gnscous nrtro,qeu. - 

6 .  I .  40 ;?tcorcl a m b i e n t  temperature  s t r a i n  gage d a t a .  

S t a t  i on  219 Mnximum Alpha rZ U l t i t i a t c  DcsiRn 1,oud ( p i t c h  axis b c n d i n g  
moment). 

ti.2.1 Adsjust  nose f a i r i n g  hinge gap i n  a c c o r d a n c e  w i t h  i n f o r m a t i o n  :;aincd 
i n  6 . 1 . 2 2 .  

6 . 2 . 2  Start  i n s u l a t i o a  panel he l ium p u r g e  a t  25 pounds/houx- and -98 <;ea1 
Helium Purge i l l .  20 pounds/hour. S t a r t  purge one h o u r  p r i o r  t o  
t a n k  i nu. 

f j . 2 . 3  I n s t r u m e n t a t i o n  R e c o r d e r s ,  Un. 

6.2.,1 Itecord a m b i e n t  ternpei*iitur-e s t r a i n  gage d a t a  8 t  0 per- cen t  l o a d .  

(1.2.3 S t a r t  Sose Fairing GEIP~COUS Y i t r o g e n  Purge  a t  200 (;Fat and 80 + SoF. 

6 . 2 . f )  !*'ill t h e  oxidizer t a n k  w i t h  l i q u i d  nitrogen t o  Station 388.0 to  

- 

390.Q. Maintain t h e  o x i d i z e r  tank u l l n y e  p r e s s u r e  n t  14.3 t o  1 7 . 3  
t)sig with t h e  missile v e n t  v a l v e  while tanking. Y o n i t o r  fuel t ank  
p r e s s u r e .  Top t a n k  ap3 necessary t o  c iarntai i i  liquid level a f t e r  t h e  
i n i t i a l  t a n k i n g .  

ti.2.7 Kaise  oxidizer t a n k  ullage pressure t o  19.0 t o  21.0 p s i g .  

G . 2 . 8  :.:ecord s t r a i n  gage and t a n k  pre-,sure d a t a .  

0 



I . .  ' . i C  ) ; i l l  t h e  f u e l  t a n k  with l i q u i d  n i t r o z e n  t o  S t n t i o n  181.0 t o  186.0. 
:.tairitain t h e  f u o i  t a n k  u13Rgr p r e s s u r e  at 1.3 t o  tj.8 p s i g  w i t t i  t h e  
tiiissi1.e v e n t  v a l v e  while t a n k i n g .  Top t a n k  as necessary  t o  m a i n t a i n  
1 i q u i t i  level after t h e  i n i t i a l  t a n k i n g .  

' * . 2 .  I i Monitor hinge gap and hinr:e loads c o n t i n u o u s l y  w h i l e  t a n k i n g  forward. 
l l inge l o a d s  s h a l l  n o t  exceed 9000 pounds.  

(;.':.lL P r e s s u r i z e  i n t e r m e d i a t e  bulkhemi  c a v i t y  w i t h  n i t ro ;Sen  t o  L-1.3 + 1 
L 

psia ,and m a i n t a i n .  

I;. 2.13 .:ecord z e r o  l oad  a t  nomi rial i w e s s u r c  on recorders. 

&.:!.14 Reduce a n d  plot. strain gage and d e f l e c t i o n  d a t a .  

0.2.15 Check nose f a i r i n g  hinge gap nnd r e l a y  i n f o r m n t i o n  t o  Stress i I roup  0 Test Observer. 

6.2.16 Raise o x i d i z e r  tank u l l a g e  p r e e s u r e  to 25.0 to 27.0 j ~ i g .  

6.2.17 11aise fuel tank ullnge pr -e seu re  t o  11.0 t o  12 .0  p s i g ,  

6 . 2 . 1 3  [b ise  oxidizer t a n k  u l l a g e  pressure t o  29.0 t o  31.0 p s i g .  

6.2.19 Raise f u e l  tank uL1age p r e s s u r e  t o  17.5 t o  l S . 0  psiF?;. 

6 . 2 . 2 0  Record z e r o  l o a d  n t  t e s t  p r e s s u r e  on r e c o r d e r s .  

6.2.21 Reduce and p l o t  s t r a i n  gage and d e f l e c t i o n  d a t a .  

6 . 2 . 2 2  Check n o s e  f a i r i n g  h i n g e  gay and r e l a y  i n f o r r n n t i o n  t o  Stress Group 
T e s t  O b s e r v e r .  

6 .2 .23 Load t e s t  a r t i c l e  t o  20 per c e n t  l o a d  increment, by operat ing  t h e  
f o l l o w i n g  load  systems such t h a t  a1 1 l o a d s  are a p p l i e d  s i r n u l t a n c o u s l y :  

( a )  O p e r a t e  marginator u n t i l  l o a d s  L - 1 ,  L - 2 ,  1,-3, and 1,-8 o r e  at t t ie  
20 p e r  c e n t  load increment and  maintain. 

(b) !&?cord 20 p e r  c e n t  l o a d  a t  t e s t  p r e s s u r e  on r e c o r d e r s .  

( c )  :<educe and  p l o t  s t r a i n  gage and d e f l e c t i o n  data. 
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6.2 Station 219 Plaxfw@ Alpha Q Vltinrate DesiRn Load ( C o n t i n u e d )  

6 .2 .24  A t  the d i r e c t i o n  of t h e  Stress :;roup rest Observer, rcapeat l o a d i n g  
i n  increments  of 40, 60, 80, 90, 100, 20, 100, 1 1 0 ,  130, and 1115 
per c e n t .  A t  each  load increment mark recorrfoz-s, reduce  and p l o t  
s t r a i n  ynge and d c b f l e c t i o n  tiatti. 

6.2.25 Lower f u e l  tank u l l a g e  pressure t o  1 1 . 0  t o  1 2 . 0  p s i g .  

6.2.26 Lower o x i d i z e r  tank ullage pressure t o  23.0 t o  27.0   psi^. 

6 . 2 . 2 7  1,ower fuel tank u l l a g e  pressiire t o  4 . 3  t o  f i .8 i > s i K .  

6 . 2 . 2 8  Lower o x i d i z e r  tank u l l a g e  pressure t o  19.0 t o  2 1 . 0  p s i y .  

6 . 2 . 2 9  itecord z e r o  Load at. nominal pressure on recorders. 

6 .2 .30  tieduce nnd p l o t  s t r a i n  gage and d e f l e c t i o n  d a t a .  

15.2.31 E v a c u a t e  the interrncdiatc  bulkhead c a v i t v  t o  5.0 p s i a  r a i r i i m ~ i m .  
Do n o t  a l low c a v i t y  pressure t o  exceed 18.0 p i a  durin:: vehicle 
warmup. 

6 . 2 . S 2  Drain  f u e l  tank and m a i n t a i n  ullese pressure a t  4.3 t o  6 , f l  psip;. 
I 

ti.2.33 Secure nose f a i r i n g  purge. 

6 . 2 . 3 4  liecord R t r a i n  page and t a n k  pressure d a t a .  

6 . 2 . 3 . 5  Drain  o x i d i z e r  tank. 

6 .2 .36  I,ower o x i d i z e r  trink u l l a g e  presrure  t o  14 .3  t o  1'7.3 p i a .  

6.2.37 Secure  i n s u l a t i o n  panel  purge and 208 Seal Purge. 

6.7.38 Hhen t e s t  a r t i c l e  reaches arni)ient tcrnpcraturc pressurize the inter- 
m e d i a t e  bulkhead c a v i t y  to 14 .5  * 1 psia w i t h  gnseoiis n i t r o q e n .  - 

t i .  2 . 3 9  llecord ambient  temperature s t r a i n  page tiat a .  

6.2 .40  Secure systcms,  
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' ; * f * . l  'the d e t a i l e d  results of t h e  p i t c h  axis bending moment t e s t s  are 
presented in the tables and g r a p h s  at t h e  end  of t h i s  r e p o r t .  S t r a i n  
aqso d a t a  w i l l  be reported by t h e  E l e c t r i c a l  T e s t  1 , abora to ry  S t r e s s  
5 e a s u r e m e n t s  Group,  Department 578-4 i n  Report Number 3513 330!J-3. 

. .. .;. ,.. The primary o b j e c t i v e s  of the tes t  were met ,  and t h e  v e h i c l e  R a t i s -  

f a c t o r i l y  w i t h s t o o d  limit and u l t i m a t e  d e s i K n  l o a d s  p r o d u c i n g  b e n d i n g  
about  t h e  p i t c h  ( X - X I  axis, 

y a t ) . 3  rhe ynp between the a f t  surface of the nose f a i r i n g  t)Lnge p i n  and t h e  
t a n k  mounted h i n g e  f i t t i n g  was s e t  a t  0.055-inch i n  a c c o r d a n c e  with t!ie 

r j rocedure d e s c r i b e d  i n  3 . 6 . 1 .  The aap did n o t  close comple t e ly  
t f u r i n a  t h e  l i m i t  l o a d  t e s t ,  s o  i t  was re-set a t  0 .022- inch  p r ' i o r  t o  
t h e  I!ltimate Des ign  toad Test. D u r i n g  t a n k i n g  t h e  ><ip closed t o  
f;.008-inch, anci t h e n  c l o s e d  completely when 20 p e r  cent  l o a d  W R S  

Elppl1ed. 

.-. 
I .!I. Z Maximum c o m p r e s s i v e  load  on t h e  + Y  hinge was 9000 pountls t i t  t h e  

design u l t ima te  (125 per c e n t  1 i m i t )  load c o n d i t i o n s ,  

Station 219 and 41% Combined L i m i t  2 e e i g n  Load T e n t .  - 7.1 

7 . 1 . 1  The target l o a d s  for this t e s t  are shown on Figure 1 and on sheet  
0 

25 of t h e  hppendix. F i g u r e  1 a l e o  p r e s e n t s  n p l o t  of t h c  a c t u a l  
load p o i n t s  achieved during the t e s t .  F'iaurc 2 p r e s e n t s  t h e  t a r g e t  
anci a c t u a l  b e n d i n g  moments t h e s e  l o f lds  1,roducccl about S t n t i o n  570, 
t h e  p o i n t  where t h e  i n t e r s t r t K e  arlaj)tcr I S  anchored t o  t l)e l o a d  
t o w e r  base. 

-. 
I .  1.2  The t z n k  ullage p r e s s u r e s  and l i q u i d  l e v e l s ,  bulk i i ead  c a v i t y  pressure 

arid vacuum l oad  chamber  pressure a r e  l i s t e d  i n  Figure 3 .  

7.1 .3  The d e f l e c t i o n s  c a u s e d  by tile t e s t  l o a d s  are p l o t t e d  i n  F i g u r e  4 
through 16. The 16 deflection measuremen t s  a t  the S t a t i o n  219 r i n g  
ere p r e s e n t e d  i n  Figures 4 t h r o u g h  7. The same measuremen t s  a t  the 
S t a t i o n  412 r i n g  a r e  p r e s e n t e d  i n  F i g u r e  8 t h r o u q h  11.  F'iKure 12 
shows t h e  v e h i c l e  and  Load t o w e r  d e f l e c t i o n  a t  S t a t i o n  2.5. I,ond 
L-d was a p p l i e d  a t  60 p e r  c e n t  load and' above .  T h i s  conlpe178;Jted f o r  
the h o r i z o n t a l  component o f  L-1 l o a d  cijused by v e h i c l e  dtrf l e c t i o n .  
F i g u r e  13 p r e s e n t s  t h e  change i n  n o s e  f a i r i n g  h i n g e  gap  a n d  load 
d u r i n g  t a n k i n g .  The  ,same measuremen t s ,  t a k e n  d u r i n g  t h e  z p p l i c a t i o n  
o f  t e s t  loads, are shown i n  F i g u r e  1 4 .  F i g u r e  15 p r e s e n t s  t n n k  
nioirnted Iiinqo t e m p e r a t u r e s  and Fipiire 1.1 shows the clef Lect i o n  o f  t.ho 
a n v i l  r i n g  s p l i c e  bar n e a r  t h e  +Y axis. lkference t e i n i w r n t u r e s  
w e r e  m a i n t a i n e d  a t  60 t o  P O O F .  
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%EST RESULTJ: ( C o n t i n u e d )  

S t a t i o n  219 Maximum Alpha Q l f l t i l n a t e  Design Load Test 

The t i r r g e t  l o a d s  f o r  t h i s  t e s t  a re  shown i n  Figures  17 and on sheet 
2.3 of t h e  Appendix. The actual l oads  r e n c h e d  during t h e  t e s t  are 
shown on F i g u r e  17 .  All l o a d s  shown are p e r c e n t  o f  llmit design 
l o a d :  125 per c e n t  l i m i t  l o a d  i a  100 p e r  c e n t  u l t i m a t e  d e s i g n  l o a d .  

The bending nioiaent o h o u t  S t a t i o n  570 which r e s u l t e d  froin t h e  t e s t  
loads is p l o t t e d  i n  Figure 1 8  and compared w i t h  desired v a l u e s .  
At full 100d t h e  a c t u a l  moment was 107 p e r  c e n t  o f  t h c  e.!esired 
niornent. S C a t i o n  370 is t h e  base o f  t h e  i n t e r s t z g e  a d a p t e r ,  wbcrc  
it is anchored t o  t h e  l o a d  towor  base. 

The t a n k  u l  Lnge pressures anti l i q u i d  Levels  arid the i n t e r m c d i n t c  
bulkhead c n v i  t y  p r e s s o r e i e  are p r e s e n t e d  i n  F i g u r e  1 9 .  

rhe d e f l e c t i o n s  of t h e  S t a t i o n  219 and 112 r i n r g s  are  shown 1 1 1  

Figures 20 t h r o u g h  27. The  d e f l e c t i o i i s  were noii i inal ly  proportional 
t o  t h e  benrling moment producinK them. I ) C f l e C t l C J I l  o f  t h e  v c i r i c l e  
and load t o w e r  at a nominal  s t a t i o n  level of 2 . 5  a r c  s h w n  i n  
F i g u r e  2 8 .  The L-8 load was applied o n l y  above  t h e  80 p e r  c e n t  l oad  
value, and t h e  d e f l e c t i o n  curve s i o p c  b r e a k s  a t  t h i s  p o i n t .  rhe 
difference Iwtween t h e  CUI'VCS for D-SI and 9-52 1s t h e  a b s o l u t e  
deflection of t h e  l oad  tower. 

F i g u r e s  29 through 32 p r e s e n t  d a t a  on t h e  n o s e  f a i r i n g  fiiiise. b'iqure 
29 p r e s e n t s  the h i n g e  gap, h i n g e  load, and h i n g e  t e m p e r a t u r e  during 
t a n k i n g .  The h i n g e  a t  -Y cooled t o  - W O O F ,  b u t  t h e  +Y hinqe only 
d r o p p e d  t o  -1O0F. The + Y  h i n g e  was warmer because t h e  purge h as 
f l o w i n g  a c r o s s  the V?, V 8  and LZ8 qap r ~ i e a s i i r ~ n i e n t  s t r a i n  qap b e m e  
a l s o  f lowed  ncross  the  h i n g e .  As a r e s u l t ,  t h e  h i a p  gap clinncfe 
o t  -Y might n o t  b e  t h e  same as a t  +Y.  

Figure 30 shows t h e  hinge gap J u r i n g  the t e s t .  ;;elated t a n k  
mounted h i n g e  tem:ier.atures are shown on F i g u r e  31. Also shown is 
t he  t e r n p e r u t u r e  o f  one of the hinge  pap t r n n s d u c e r s .  

F i g u r e  32 shows t h e  d e f l e c t i o n  of t h e  anvil r ing  s p l i c e  b a r  near t h e  
+Y h i n g e .  The d e f l e c t i o n  h e r e  is c o r n p a a b l e  t u  t h e  V 2  deflections 
measured  in Quads  I and IV (Figure 2 3 ) .  

ile f e r e n c e  t e m p e r a t u r e s  were maintained on t h e  nose f ' a i r i  nq b a r r e l  
(Sheet  23 o f  I(pperidix) Letween 60  arid ROOF' d u r i n g  the L ' l t i l ! a t e  t,oad 
T e s t .  
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TEST i!EStli,'l'S: (Con t  i n u c d )  
_I 

C pe c i a 1 Me nsurcme n t s . _- 
A t r i g t o r y  o f  t h e  gap between the S t a t i o n  219 r i n q  arid t h e  a n v i l  
r i n g  splice b a r ,  and be tween t h e  nose f a i r i n g  b a r r e l  channel and 
the 319 r ing  n e a r  the +Y hinge l o c a t i o n  is p r e s e n t e d  i n  I:ijiure 33. 
The gap i n  this area was e s s e n t i a l l y  zero when t h e  none  f a i r i n s :  
b a r r e l  was o r i g i n a l l y  installed. !Vhen t h e  s e t u p  bolts were removed 
m d  t h e  w e i g h t  of t h e  barrel t a k e n  o f f  t h e  S t a t i o l i  21'3 ring w i t h  
c o u n t e r w e i g h t s ,  t h e  gap be tween t h e  b a r r e l  c h a n n e l  and  t h e  Station 
219 r i n g  opened up. The I 2  l o a d  c y l i n d e r  was han:cing on t h e  +Y slde 
o f  the Load f i x t u r e ,  c a u s i n g  an even sreoter R A P  n e a r  t h e  -Y hinge. 
F i g u r e  39, 40, and  4 1  1 l l u s t r a t u  this gap, which c a n  be  corripnrt~cl t o  
tht .  gap seen j n  Figures 41, 4 2 ,  and 43, n e a r  the +Y h i i i q u .  rfic i 2  
l o a d  c y l i n d e r  weight. WYBS removed from the +Y side 01' t h e  load 
f i x t u r e ,  and  sonic gap d e c r e a s e  was n o t e d .  F u r t h e r  r e d u c t i o n  of t h e  
gap r e s u l t e d  when t h e  nose fairing b a r r e l  corintcrwe ight was removed,  
and  the s e t u p  b o l t s  were i n s t a l l e d .  The f i n a l  measurement  wafi t aken  
prior t o  t h e  test  when the  s e t u p  b o l t a  were reinoved and w i t h  an 

1800-pound c o m p r e s s i o n  lond on the  S t a t i o n  219 r i n g .  

The gap be tween  the tank mounted nose f n i r i : i g  hinKe and t h e  a n v i l  
ring f spl ice  b a r  is shown i n  F i g u r e  34. Tfic Kap a t  the -Y  l o c a t i o n  
d i d  not change d u r i n g  t he  t e s t .  A t  +Y t h e  g a p  c l o s e d  ,005 t o  ,010- 
inches during t h e  t e s t .  

R e p o r t  Number tiD/A-HTD-64-124B, d a t e d  9 F e b r u a r y  19fi5,'1Struct.ui a1 
Test R e q u i r e m e n t s  f o r  Axial Load and Rendinq  Uornent ' r e s t s  o f  Cent,i-lur 
4 3 ,  EIU 55-7545-1, AC-6 and On". 

$VI) from B. Sherwood,  Depar tment  961-8 t o  1,. .Jordan, Dcpnr tmcnt  
978-1 a u t h o r i z i n g  r e w o r k  of h i n g e  i n s t a l l a t i o n  per CIC 36161-061-H-I. 

Memo ACS-65-110 f rom A. C. Ward t o  G .  !Y. Norri.s dated 9 April  196-7, 
I 'Design R e q u i r e m e n t s  of 55-72979 Hinge F i t t i r i g  and I n s t a l l a t i o n  
P r o c e d u r e @  fur "D" Series Vehie l e s" .  

AVC f rom N. D i t t m a n n ,  Depar tment  991-6 t o  R. I l i n c k ,  Depur tment  
978-1, transmitted copy of c h a n g e  n o t i c e  numher 2 o f  UT;' AY-62-0047, 
nnd a u t h o r i z i n g  l a n d  l i n e  t r i i n s f e r  t o  "IL" Tower. 

Ileport Sumber GD/A-BTD-64-12 IC ,  d a t e d  14 Apri  1 1965, i n c o r p o r e t i n g  
Xevised S t r u c t u r a l  'Pest ikquirernentu f o r  the 55-7545 P i t c h  hloment, 
and 219 RinR/Iiinge S p r i n g  Conotant r e s t s .  



t 3 . i )  

8.6 

8 . 7  

8.8 

8.9 

FJ, 10 

9.0 
0 

Serv ice  Request 559 3300,  Rev. I), a u t h o r i r i n g  performnnce of  Y-Y 
a x i s  load test according t o  changes l i s t e d  i n  revision t.o t e s t  
requirements (reference 8 . 5 ,  above) .  

# V U  from A .  C. Wnrd, Centaur S t r e s s ,  t o  [t. C. i l i n c k ,  P o i n t  lorn;$ ' l ' c . s t  
Site, chijnginp; t e s t  Load va lues  for 1 i m i t  l o ~ d  r e - r u n  so t h n t  i I m i  t 
t e s t  c o u l d  be extondetl t o  125 p e r  c e n t  o f  l i m i t  load v a l u e s  2nd 
s a t i s f y  ultirnate design test requiremeri ts .  

I V C  from G ,  W ,  Norr i s ,  Centaur Structures, t o  2. C .  I l i n c k ,  j i o i n t  
Lorna refit Site, d a t e d  21 April 1 9 6 3 ,  cilr'ectetf c l o s i n g  o f  h i n a e  
gap .060- inch,  and d e f  r n c d  l o a d  ecquencc f o r  c x t  ended 1 i r t i i t ,  

ultimate design l o a d  t e s t .  

Tnformntian p e r t a i n i n g  to the  t e s t s  c : c s c r l b e d  i n  this rcport will bc* 
found i n  Enginccrrny O?ta Notebook Number 7 2 l t i ,  f 1 l e d  i n  l lcpartwcnt 
078-1, i'olrit Loma Test Yi t e  O p e r a t i o n s .  

LIST OF PHOTOGRAPHS : 

The following photoKraphs were taken  during the b u i l d  u p  and t e s t :  

5 G 7 03 u 
56 70 4 it 
5670513 
5670tj R 
567078 
56708l3 
5 6 7 0 9!3 
5675913 thru 
36778B 
5h779U 
368741-1 tliru 
56 903 13 
56914H 
569 1 ~i rl 
56916B 
569 17H 
5691813 
56'319i3 
36920H 
50 92 1 B 
57 18s tl 
571tr4il 

Purge box o v e r  + Y  n x l s  ti inKc instrument i t t l (>n .  
Purge box over'  + Y  axis hinge i n s t r u m e n t a t  i on. 

Purge box o v e r  +Y axis hinge i n s t r u m e n t s t  L O I ! .  

Heat lamp i n s t a 1 1 ~ r t i o n .  
Anvi 1 e p i  i c c  b i v  d e f  l e c t r o n  iristrutncntaticrIi. 
Area near h ~ n g c  on CY axis. 
h r y e  hox on + Y  3x18 h i n g e  instrrirnent,itIon. 
Pictures taken from J'V m o n i t o r s  
during, t e s t  run t3 ( L i m i t  Load Test). 
rns trumcntat ion  i c i n g .  
Pictures taken from TV monitors d u r i n g  
test  run 8 A .  
Hinge installation on -Y axis. 
Gaps, Quad 1 1 ,  h t a t l o n  219 ossy. 
G a p s ,  Quad 111, S t a t i o n  21'3 'ISPIS. 

fiinge gap i i i e t rumentat lon  , upper  view.  
:tinge instrumentat Ion, end view. 
llinge gap m s t r u m e n t a t i o n  i n s t a l l a t i o n .  
Gape, 2u;id T, S t a t i o n  219 asay. 
C;aps, Quad IV , S t a t i o n  210 assy. 
Tank S t r a i n  Gage, spa11 i n g  of  water-p~ oof i n p .  
'rank Strain Gage, syta I 1  i n g  of waterproof r n g ,  
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20% ILIAD, 
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4 01 

18.0 

18.4 

18.4 

18.4 

18.5 

18.5 

18.5 

18.3 

18.3 

18.3 

18.4 

19.7 

30.6 

30 *6 

31 63 

30.8 

30.8 

30.7 

30 e? 

3009 

31 e 3  

31.6 

30.5 

-2XL.L 
01 

. 
190 
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1% 

198 

1% 

1% 
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2.L- 

390 

389 ' 
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394 
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16.1 

16.2 

16.4 

16.3 

16.3 

16.3 

16.4 

16.4 

16.4 

16 .A 

16.4 

16.4 

AL3- 
I R  

14.8 

lLO8 

14.3 a 

13.9 

13.6 

13.1 

13.0 

14.4 

13.0 
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14.4 

14.8 
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E S T  D U M B E R  55B3.309 
PRESSURES 

STAT 1 :€? 219 MAXIMUM ALPHA (4 ULTIMATE: DESXGH MAD 

(Pitoh M r  Bending Moment) 

0% LOAD, TEST PN3SS 
N A 

I a 
n a 
0 n 

209 @ 

40% n 
609 
8 o k "  

FIGURE I 9  

15.0 18.2 31.1 182 I 385 
18.4 31.1 182 385 15.3 
18.5 30.1 182 385 14.8 
18.5 30.6 182 3% 14.8 
10.4 30.1 1 80 387 14.8 

W n 18.5 
0 lt 18.5 

90% 

' 20% 0 n 1 18.6 
190s " 

30.2 180 388 14.8 
31 01 179 389 14.6 
30.6 179 390 14.6 

' 0% LOAD, NOM. FRESS 4.1 20.1 180 388 

n 100% 
;110% n n 
120% " N 

125% 

, 0% WAD, TFST 

n 
n 209 n 

t 0% LOAD, NOM. PRESS 

i 
I 

__-_-_ - -- - - - - - - - -_ --A 
WTE 8EVISCO 

14.6 not uarod 

14.6 
14.6 
14.6 
14.6 
14.6 
~ 4 . 6  
14.2 not used 

i .. 
H a m  - Pygj-iv , CHLCRLD W 

1 5/l?765 I jss 511 2 / 6 L  
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HI= FITTIEG dloD TEE ARVIL RING SPLICE BAR 

STATION 21 9 

‘ I  
Y-I axir 

COBDITIOI UICATIOI 

Inspected on ld. April 1965 

kY Hinge fitting reasohined, gap 
poaaured just prior to test. 
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